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To all whom it nmuay Concerte:
Be'it known that I, LUDWIG GUTMANN, a

citizen of the United States, and a resident of

the city of Peoria, county of Peoria, and State
of Illinois, have invented new and useful Im-

provements in Electric Meters and Motors,
(Case No. 89,)

fication. | S |
My invention relates to electric meters and
motors, and especially those to be operated
byalternating, pulsating, orintermittent cur-
rents. |
- My invention relatesin particular toan ar-
mature especilally adapted for meters as well
as for alternating power-motors; and it fur-
ther relates to certain dispositions and im-
provements in meter registering and regulat-
ing devices. The improvement of the arma-
ture 1s both mechanical as well as electrical.
1The disposition of slanting the conductors
considerably increases the firmness of the cyl-
inder as compared with that of other perfo-
rated forms, while from an electrical and
magnetic standpoint its sensitiveness is con-
siderably increased and adapted to produce a
torque with given dispositions of energizing-
colls where other armature constructions fail.
The meter belongs to the motor-meter type,
and therefore the points of superiority which

will be described in particular for the meter

can be used with the same effect for motors,
though it is not intended to go into any de-
scription of motor design.. The use of the ar-
mature for power-motors will be self-evident.

In alternating-current meters it has been

the practice to utilizein most instances a uni-
form ring or ¢ylinder which is acted upon by
currents of displaced phases whose planes in-
tersect one another. The currents induced
on the surface of these rings or eylinders are
considered to be of the nature of eddy-cur-
rents. I have discovered that far more sen-
sitive and more powerful results can be ob-
tained if a metallic cylinder, such as copper
or aluminium, is so organized that secondary
currents induced therein may have a defined
path which they have to follow in their eX-
cursion.

In all meters at present in use a magnet-

core is within the path of the lines of force of |

the series winding, or else several coils are
placed so that the flux of one threads the con-

of which the following is a speci-

—— |

‘Figs. 1 and 2.

volutions of the other, causing an increased
‘self-induction in the main coil, which I have
found to be detrimental for wide-range me-

ters. The meter is as well adapted for a
coulomb-meter as a wattmeter. To register
watts, it is well knownin the artthatthe pres-
sure of the line as well as the current con-
sumed must be measured for indicating as
well as integrating instruments. Itis there-
fore evident that in alternating-current me-
ters of this kind two circuits are always re-
quired. The proper proportioning of these
two circuits is of great importance for sensi-
tive instruments having a wide range. *
To describe the invention more fully, it is

explained with reference to the accompany-

ing drawings, in which—

~Figure 1 shows in diagram the meter in a
lamp-circuit. Fig. 2 is a diagram of the me-
ter In elevation in a lamp-circuit and pro-
vided with a suitable retarding device.

or armature-windings. Figs. 6, 6%, and 6° are
modifications of the winding for power-mo-
tors. Iig. 7 is a further improvement over
Fig. 8 1s a detailed view of
the permanent magnet used in connection
with Fig. 7. Figs. 9, 9%, 10, 11, 12, 13, -and
14 are further armature modifications show-
ing other preferred types. FKig. 15 shows in

diagram the application of this armature to

an indicating instrument. ~ Fig. 16 shows the
application of the metertotwo-phase circuits.
This device is an evolution of my meter,
Patent No. 543,089, of July 23, 1895, in which
closed secondary circuits are employed in the
armature. | : |
Referring in particular to Fig. 1, the trans-
former 'I' has its primary P connected to any
suitable source, which for convenience has
been omitted. The secondary of the trans-
former S is connected to the lamp-circuit A,
into which is inserted the meter B. The me-
ter 1s of the wattmeter type, and has in its
simplest form & single series coil C and & sin-
gle shunt-coil D, the coil C being interposed in
one side of the circuit between thé transformer

{ secondary and the lamps,while the shunt-coil

D is connected across the transformer-termi-
nals.

ture F. T'o produce a considerable difference
| in phase, the coil D ismounted on alaminated

Both these coils act on a special arma-

55

6o

70

Figs.
3, 4, and 5 are preferred types of armatures -

75

30

Q0

95

100




10O

20

30

35

40

50

5S

60

2 614,225

magnet E, which embraces the armature I,
while the coil C, on the other hand, has pref-
erably no iron in its magnetic circuit. This
enables me to produce a minimum self-induec-
tion of the lamp-circuit and in the coil carry-
ing the current to be measured. Toincrease
still further the difference in phase of the se-
ries and shunt coils C and D, which 1 have
found not only desirable, but essential for a
proper meter, the magnetic resistance of mag-
net B is considerably reduced by interposing
the crescent core I, which is normally lo-
cated inside of the bell-shaped armature I.
Its sole purpose is to reduce the magnetic re-
sistance in the magnet-circuit and to increase
the difference in phase between series and
shunt circuit. |

Fig. 2 shows the general organization in
elevation. The coil C isshown in series con-
nection with the lamp-circuit A and in this
ficure is partially covered by the armature
F. Below the coil C is shown the magnet K
and coil D, while the crescent core I, lying
between the poles of the magnet, is invisible.
The armature F is mounted on shaft I,which
rests in bearings KX K. A retarding device
G is applied and consists of the disk L and
magnets M. The disk may be rigidly at-

tached or else geared to the shaft [, which
latter engages with the counting-train /.

It will be seen from the description of Ifigs.
1 and 2 that contrary to most meters of this
kind operated by currents of displaced
phases the fields of the energizing-coils do
not intersect with one another.

I have discovered that a far more sensitive
meter can be constructed and stronger torque
obtained if the induced currents in the ar-
mature flow in predetermined paths. This
mode differs widely from that of Shallenber-
cer and Ferraris, in whose armatures the cur-
rents induced are of the nature of Foucault
currents. In connection with such an arma-
ture I prefer to use a series coil of few turns
and little or no iron in its magnetic circuilt
and a shunt-coil with a high self-induection
and as nearly a closed magnetic circuit as
possible. Without this latter condition ex-
periments show such meter to be less reliable,
while in addition its range is considerably
reduced. Furthermore, the relation of the

coil, magnet-poles, and the strips caused by |

the slots haveinfluenceon the operation. If,
for instance, the coil and the magnet be small
and but two or four slots are cut in a cylin-
der forming conductors twice as wide as a
coil or magnet or even as wide, there is very
little difference between such armature and
a solid conductor such as the Ferraris arma-
ture, and its operation wouald be irregular.

I have found, further, that by giving the con-

ducting-strips Ra slanting or non-radial posi-
tion with respect to the plane of rotation the
armature will start more promptly in one di-
rection than in the opposite one.

My preferred style of armature consists of

a cylinder which is provided with slots or | fication of my armature, which 1is

)

holes, as shown in Figs. 3, 4, and 5. These
armature types are equivalent to windings,
and owing to the slots N or holes O the cur-
rents induced by the coils C flow along the
narrow conductors or bands R and react
upon the magnet E, or vice versa. It will be
evident that this style of winding or arma-
ture conductors, Figs. 3 and 4, is just as ap-
plicable to induction-motors for power pur-
poses as to meters.
used either without an iron core, with a
smooth iron core, or a toothed one. In the
latter case the teeth project through the slots
N. (See TFig. 6*.) This style of armature
can be economically constructed by perforat-
ing a straight piece of metal and bending
the same into a cylinder either by using a
single piece of metal, Fig. 6, or several pleces
of metal, Fig. 6%, which may be joined to-
sether to form a single eylinder. This latter
process may be preferred when using this
style of winding for power-motors. 'T'hema-
terial used for these armature windings or
cylinders may be brass, copper, aluminium,
or any other suitable metal and may be
mounted in sections on a toothed core and
finally connected at the ends or left inde-
pendent.

Fig. 7 shows a further modification over
Figs. 1 and 2. The improvement consists in
omitting the disk L of the retarding device
by utilizing a portion of the cylinder I for
this very purpose. In Fig. 7 the cylinder I,
coil ¢, and magnet E have not exactly
the same relation to ome another as in
Figs. 1 and 2; but it will be observed that the
slots N shown in the cylinder are in a ver-
tical direction; further, they do not reach the
lower end of the cylinder, which constitutes
an uninterrupted conductor ormetallic cylin-
der. This portion of thearmatureisexposed
to the magnetic field of the horseshoe-magnet
M’, which preferably is adjustable with rela-
tion to the armature F. To be able to prop-
erly adjust the speed of the rotating arma-
ture and obtain a low speed proportional to
the watts consumed, it is desirable to control
and vary or adjust the strength of magnet
M’'. This is accomplished by moving the
poles of the magnetsrelatively to one another,
Fig. 8.

In Fig. 8 the magnet consists, preferably,
of two angle-pieces, the one mounted on the
other, exposing toward each other a north
and south pole, which are separated by an
air-gap, which latter can be made narrower
or wider. DBy this novel disposition of parts
of arotating armature provided with defined
paths acted upon and reacting upon two en-
ergizing-circuits and at the same time pro-
viding an endless conductor to a permanent
reacting field I obtain a sensitive integrat-
ing device and reduce the number of parts
as well as the weight on the bearings and the
total weight of the motor.

Figs. 9, 9*, and 10 show a still further modi-
provided

These windings may be.
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with a rim U, located in a horizontal plane, |

thereby stren gthening the cylinder mate-
rially and provldmﬂ' a s1mple means for using
a common horseshoe-magnet M for a br akm o
device. It isan efﬁclent and suitable means
to replace the separate retarding-disk used in
all meters. Thisrim may be Separate ring U,
which is fitted and slid over the rim of tuhe
cylinder. 1t may be locatéd at the lower ex-
tremity or, as shown in Fig. 9%, at any other

place on the cylinder or may be cast on the

cylinder. In Fig. 10 is shown an internal

spider V, which has the further purpose of
giving the cylinder additional support, espe-

elally during shlpment to prevent it from
running untrue This spider may be castin
or ﬁtted in and may be made in the latter
case of metallic or non-metailic material.
Experiments have demonstrated, however,
that a metallic spider or disk will answer ] ust
as well.,

Figs. 11 and 12 show still a further improve-
ment over the condition shown in Figs. 1, 2,
and 7. As has been stated before, a “slotted
armature with a shunt-magnet having a wide
alr-gap is unsuitable for a good meter, and
it is therefore desirable to make the reluc-
tance of the magnet as small as can be made
to obtain the best results. I therefore re-
duce the length of the core by causing it to
act not on the cylinder itself, but on the
flange, which is modified over that shown in
Figs. 9 and 10. I provide slots in the ring
which do not extend to the periphery. While
in Figs. 1 and 2 the magnetic field of the se-
ries c¢oil has been in a vertlcal plane and that
of the shunt-circuit in a horizontal plane, the
arrangement in Fig. 12 shows both fields act-
ing in parallel Vertlcal planes mnot intersect-
ing with one another, the series coil acting
on conductors in a vertical plane and the
shunt-coil on a portion lying in a horizontal
plane. This peculiar construction permits

one to considerably reduce the length of mag-

net E and also reduce the air-gap between the
poles. The shunt-magnet is of special con-

struction to meet a number of requirements-

desired. Owing to the small air-gap it has
to be subdivided if the shunt-coil should be
a machine-wound one, which is preferable on
account of reduced cost of manufacture.
Figs. 13 and 14 show in diagram still an-
other armature modification,
same magnets and coils described with the
armature shown in Figs. 11 and 12 may be
nused. Thearmature consists of a disk of alu-
minium securely mounted on shaft /. It is
provided with slots N, which may be radial,
but preferably have an angular direction, so
that the conducting- StI‘IpS formed do not
stand vertical to the rings which they unite.
The series coil C is su%pended in a plane
parallel to the disk, either above or below it,
while the shunt and permanent magnets have
the same or similar disposition, as shown in

~ Figs.11land 12. Inthismeter,like thatshown

in Figs. 11 and 12, both maﬂ'netle fields are

in vertical non-intersecting planes.
coll may be provided to either side of the
laminated magnet to influence the disk or
cylinder ar mature

Fig. 15 shows a cylinder on its shaft rest-
ing in bearings, but its motion is restricted
by means of springs W W, theindex X mov-
ing in front of scale Y. In this form the de-
vice may be used as an indicating instrument
for central-station uses.
showing the application of this motor-meter

for measuring bior poly phase currents. The-

figure 1llustrates a double set of magnets C
D E, as before deseribed, the one set located
in one circuit and the other, C D E, in the
second circuit of a bi-phase system, depend-
ing on ‘the number of phases the spool and
magnets may be organized, so that a magnet
and a series coil may be located in each cir-
cuit, or they may be reduced in number, pro-
vided that the different grouping will give a
result equivalent to the actual energy con-
sumed. Instead of causing the total amount
of energy to pass, the meter may be arranged
to conduct but one-half or any other fraction
of the energy or current to be measured.

Experiments have shown that this meter

will start with a fraction of an ampere, yet
in large meters of great range it may be de-
sirable to overcome or counterbalance the
frietion of the instrument. This I accom-
plish by displacement of or modifying the
magnetic field of the magnet E or that of coil
C. A similar result may be accomplished

“with the series coil at the expense of increased

self-induction. Experiments with the last
type of meters have fully demonstrated pro-
portional readings without the aid of distor-

tion and that excel_lent resuits are obtained

A series

Fig. 161s a diagram -
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without iron in the series coil by establishing

two series fields, one placed on either side of
the shunt-magnet, as indicated by the dotted
spool, Fig. 14 all, however, having their in-
dependent ﬁeld

In Kigs. 2 and 7 a special retarding device
has been shown, which consists in prowdmg
a permanent ma,ﬂ'net to Influence either an
independent conductor or a part of the arma-
ture. 'T'his separate retarding device may be
entirely omitted, as is done in Fig. 1,

which case the I'et.f:ut'(fluzl'r:lr force must be fur-
| nished by the shunt—mauﬂ‘net E. | |
in which the |

It will be seen in Figs. 2 and 7 that the mag-

net K covers not only_ a portion of the con-

IIGC

11§
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ductors R, but also the lower endless band of -

the cylinder. " If a strong magnetic field is
produced by magnet E, it will exert a similar
influence on the lower end of the ar matme
as the magnet M’ in Fig. 7.

My invention is open to numerous modlﬁ-
cations, and I therefore do not wish to limit
the same to the exact types or forms shown
in the diagrams and drawings. * For instance,
the meter may be inserted in the primary cir-
cuit and notin the secondary of the consump-
tion-cireuit, which may be for light, power,

| or other purposes; and further, the device
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has been explained as an integrating-watt-

meter, but it may be used as an indicating-

~ wattmeter, voltmeter, and ammeter, and,
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lastly, while special armature forms have
been shown others may be employed without
departing from the nature of the invention.

Having now deseribed my invention, what
I desire to secure by Letters Patent 18—

1. In an electric meter the combination of
a main coil, and a shunt-coil establishing
fields in non-intersecting planes, with an end-
less conductor provided with perforations, a

‘spindle for said endless conductor, a count-
ing-train adapted to engage with said spindle,

and a retarding-magnet reacting on sald ro-
tary conductor, as and for the purpose de-
scribed. |

9. In an electric meter the combination of
a perforated conductor adapted to rotate,

with a shunt-winding, mounted on a mag-

netic core, a coreless series coil, both coils
acting upon said rotary conductor, a count-

ing-train for registering the revolutions of |
said conductor, and a retarding device acting |

on sald conductor. |

3. In an electric-meter system the combi-
nation of a suitable source, a distributing-
circuit and current-consuming devices, with
a meter interposed between said source and
said devices, consisting of a perforated con-
ductor adapted to rotate, a coreless coil, a
second coil, a magnetic circuit for said sec-

ond coil of low reluctance, and means for re- |

tarding the speed of said conductor in pro-
portion to the currents passed through the

‘¢cireuit.

4. In an electric meter the combination of
two sets of coils producing magnetic fields in
non-intersecting planes with a perforated
conductor exposed to the actions and reac-
tions of said two sets of coils, a counting-train
and retarding device acting directly on sald
armature, as, and for the purpose described.

5. In an electric-meter system the combi-
nation of a suitable source and a consump-
tion-circuit with a meter interposed between
the source and said consumption-circult, con-
sisting of a perforated endless conductor,
mounted on a shaft adapted to rotate, a main
energizing-coil acting on said conductor in a
oiven plane, a shunt-coil acting on said con-
ductor in a different plane, a registering de-
vice engaging with said shaft, and a retard-
ing device reacting on said conductor.

6. In an electric meter the combination of
two sets of energizing-coils of different phase,
with a perforated endless conductor acted
upon by said coils in different planes, a reg-
istering device, and a retarding device adapt-
ed to and reacting directly upon said endless
conductor.

- 7. In a bell-shaped armature the combina-
tion of a cylinder with one or two sleeves for
attaching it rigidly to a shaft, adapted to be
mounted movably in supports, and slots or
holes provided in said cylinder, as, and for.
the purpose described.

614,225

3. In an armature for electric meters the
combination of a bell-shaped metallic conduc-

tor, with a support located at one extremity

of said bell and asecond support located with-
in said bell. '

9. In an armature for electric meters the
combination of a eylinder mounted rigidly on
a shaft adapted to be movable in its bearings,
with a ring or flange of conducting material,
encircling said cylinder in a plane at right
angles, as, and for the purpose described.

10. In an armature for electric meters the
combination of a shaft with a cylinder or bell
attached thereto, and a ring lying in a plane
at right angles to the shaft attached to said
cylinder or bell.

11. An armature for electric meters, con-
sisting of two parallel endless conductors,
conducting-strips uniting said endless con-
ductors, said strips being angularly disposed
relatively to said endless conductors, and a
rotatable shaft upon which said conductors
are mounted. | |

12. An armature for electric meters con-
sisting of two endless conductors, and con-
ducting-strips angularly disposed to said end-
less conductors connecting the two latter with

one another. |
13. An armature for electric meters con-
sisting of two rings of electrical conductors

and conducting-strips angularly disposed to.

said rings connecting them to one structure.
14. In an electric meter the combination of

“an armature mounted on a shaft and adapted
to rotate, with an electromagnet influencing

said armature at one end or plane, a lami-
nated block located inside of said armature

for establishing a magnetic circuit of small

reluctance, amain energizing-coilinfluencing
said armature at a different end, or another
plane from said magnet, and a registering de-
vice adapted to engage with the shaft, as, and
for the purpose described. |

15. In an electric meter the combination ot
a series-energizing circuit and a shunt-ener-
oizing circuit with an armature consisting of
two conducting-rings and conducting-strips,
connecting said rings with one another, a ro-
tatable shaft for said armature, a registering-

15

30
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train operated by said armature-shaft, and a

retarding device acting on a conducting-ring
of said armature, as, and for the purpose de-
scribed.

16. In an electric meter the combination of
two or more energizing-circuits with a slotted
or perforated conductor, adapted fo rotate, a
metallic ring encireling said conductor in a
horizontal plane and a retarding device act-
ing on said metallie ring.

17. In an electric meter and in combination
with two or more energizing-circuits of a per-
forated armature acted upon by said circuits,
a retarding device adapted to act directly
upon perforated, as well as non-perforated
partsof said armature,and a registering-train,
as and for the purpose described. _

18. Anarmature forelectric motors consist-
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ing of a metallic sheet provided with slots or
perforations and a band at either end of said
slots connecting the metal strips created by
sald perforations. | |

19. In an armature for alternating-current
electric motors the combination of a suitable
core, with conducting -strips, and a band at
each end of said conducting-strips, connect-
ing them to a single structure, as and for the

~purpose described.

20. In an armature for electric meters the
combination of a bell-shaped conductor,with
means for Supporting said bell at one extrem-
ity by a suitable shaft, and a second and re-
movable support for said armature to said
shaft, located at or near the other extremity
of said bell. - |

21. In an electric meter the combination of
a conductor, partially perforated and adapted
to rotate,with one or more series coils acting

on said conductor, a laminated shunt-magnet

adapted to act simultaneously on perforated
and non-perforated parts of said armature,
and a registering device engaging with said
shaft, as, and for the purpose described.

22. In an armature for electric motors the
combination of a core with a metallic sheet

f

provided with slots or perforations whereby
metallic strips are created and an endless
conductor at either end of said strips con-
necting them to one structure, as and for the
purpose described. | |

23. In an electric meter the combination of

‘a-main coil adapted to establish a magnetic
field, with a shunt-magnet for establishing a

second field, an armature located between the

| poles of said magnet and a core for concen-

trating the second -named magnetic field to
the exclusion of the first, located within said
armature. - |

24. In an electric meter the combination of
a main coil, with a shunt-magnet, an arma-
ture, and a core located within said armature,
the mass of said core being disposed at one
side of the axis of said armature.

In testimony that I claim the foregoing as

my invention I have signed my name, in pres-

ence of two witnesses, this 1st day of Decem-
ber, A. D. 1897.

LUDWIG GUTMANN.

Witnésses;
DAVID RoSS,
G. G. LutHY. -
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